Spontaneous metastasis: C57BL/6 mice were injected subcutaneously (dorsal proximal midline) with 1 ϫ 10 6 3LL cells (derived from subcutaneous tumors). When the tumors reached 12-15 mm in diameter (10-14 days for 3LL-met and 24-28 days for 3LL-nm cells), the mice were anesthetized and the subcutaneous tumors were resected from one group of mice (n ϭ 10). The other group underwent sham surgery. The mice were killed 2 weeks later. Experimental metastasis: C57BL/6 mice were injected subcutaneously with 1 ϫ 10 6 3LL-nm cells. When the tumors reached 10-12 mm in diameter, the mice were anesthetized and the tumors were resected from one group of mice (n ϭ 20). The other group underwent sham surgery. One day later, the mice were injected intravenously with 1 ϫ 10 5 3LL-met cells. The mice were killed 3 weeks later. The lungs were weighed and fixed in Bouin's solution, and spontaneous metastases were counted under a dissecting microscope. a p Ͼ 0.05. b p Ͻ 0.01.
regardless of whether the local subcutaneous tumor
The 3LL-nm tumors also expressed a higher level of MMP-9 than did the 3LL-met tumors. Neither 3LL-nm was resected (even after 60 days). In contrast, on day 28 of the study, the 3LL-met subcutaneous tumors pronor 3LL-met cultures expressed MMP-9 transcripts (Figure 2) . 3LL-nm and 3LL-met subcutaneous tumors exduced a median of 10 lung metastases in mice with progressively growing subcutaneous tumors. In mice pressed similar levels of MMP-2 mRNAs, but only 3LL-met cells expressed MMP-2 mRNA in culture ( Figure 2 ). with resected subcutaneous tumor, the median number of visible lung metastases was 61 (p Ͼ 0.05), and the size of the lung metastases was significantly enhanced Expression of MME and Generation of Angiostatin Since pancreatic elastase has been shown to cleave (p Ͻ 0.01) ( Table 1) . These results show that the surgical resection of a metastatic variant of the 3LL tumor signifiplasminogen to fragments that include angiostatin (O'Reilly et al., 1994) , we next determined whether the cantly enhances the size of spontaneous lung metastases. MME in the 3LL tumors is associated with generation of angiostatin activity. Cells isolated by enzymatic dissoIn a second set of experiments, we implanted 3LL-nm cells subcutaneously into syngeneic mice. When the ciation of 3LL-met tumors were cultured. Immediately after dissociation and after varying numbers of pastumors reached 10-12 mm in diameter, the mice underwent resection of the lesion or sham surgery. One day sages in culture to deplete macrophages, we assessed macrophage content (immunohistochemistry staining), later, the mice (n ϭ 10) received 3LL-met cells intravenously. The subcutaneous tumor significantly sup-MME mRNA (Northern blotting), MME activity in the culture supernatant (enzymatic assay), and generation of pressed (p Ͻ 0.05) the growth of experimental lung metastases (Table 1) .
angiostatin subsequent to the addition of plasminogen (bioassay). The data shown in Figure 3 demonstrate that, with Macrophage Infiltration into Subcutaneous Tumors and Expression of MMPs increasing passage number, the number (content) of macrophages decreased, and after three passages in Immunohistochemistry staining of cryostat sections using murine macrophage-specific antibody F4/80 revitro, we found no evidence of macrophages among the 3LL cells ( Figure 3A ). The level of MME transcript (Figure vealed that both 3LL-nm and 3LL-met subcutaneous tumors were infiltrated by macrophages. The density in 3B) and elastase activity ( Figure 3C ) directly correlated with the number of macrophages in the cultures. Human the 3LL-nm tumors was greater (compare Figures 1C  and 1D ).
plasminogen was added to the cultures, at different passages. The supernatant fluids were recovered 72 hr later We next examined the expression of MMPs in the 3LL subcutaneous tumors and their cultured cells. High and tested for angiostatin activity. The highest angiostatin activity was found in cultures containing the highlevels of MME mRNA were detected in both 3LL-nm and 3LL-met tumor tissues; low levels were detected in the est number of macrophages (immediate cultures, passage 0) and declined with increasing passage number. 3LL cells cultured in vitro. Correlated with the extent of macrophage infiltration, the 3LL-nm tumors expressed
No angiostatin activity was found in cultures depleted of macrophages or in the absence of plasminogen (Figa significantly higher level of MME mRNA than did the 3LL-met tumors (Figure 2) . ure 3D). The angiostatin activity (antiproliferation) was specific for the endothelial cells: it did not inhibit division and the macrophages, but not from pancreatic elastase, was completely suppressed by the MMP inhibitor 1,10-of 3LL cells, B16 melanoma cells, or NIH-3T3 cells (data not shown), agreeing with results from a published rephenanthraline. port (O'Reilly et al., 1994) .
The elastinolytic activity detected in the 3LL-met tuSecretion of Elastase and Generation of Angiostatin in Cocultures of 3LL mor was an MME. We base this conclusion on the results of experiments using various selective proteinase inhibi-
Cells and Macrophages
To determine whether 3LL cells can regulate elastase tors ( Figure 3E ). At 10 mM, the serine proteinase inhibitor phenylmethylsulfonyl fluoride produced greater than activity and hence regulate the production of angiostatin in macrophages, we next cultured purified peritoneal 80% inhibition of pancreatic serine elastase activity, but it did not inhibit the elastinolytic activity from the 3LL exudate macrophages in serum-free medium with or without 3LL-met or 3LL-nm cells in the absence (Figure tumor tissue or from purified cultures of macrophages. In contrast, elastase activity from both the tumor tissue 4A) or presence ( Figure 4B ) of plasminogen. In agreement with a previous report (Werb and Gordon, 1975) , the inflammatory macrophages constitutively secreted elastase ( Figure 4A ) and expressed MME mRNA, as determined by Northern blot analysis (data not shown). A detectable (baseline) level of elastinolytic activity was detected in culture supernatants of 3LL-met and 3LL-nm cells. Since the 3LL cells did not express MME mRNA, we attribute the elastinolytic activity to other proteases released by the tumor cells. Supernatants of macrophage-3LL cocultures contained elastinolytic activity 3-fold higher than that of supernatants harvested from macrophages cultured alone ( Figure 4A ). In parallel experiments, we added plasminogen to the macrophages cultured alone, 3LL cells cultured alone, or macrophage-3LL cocultures. Angiostatin activity (inhibition of endothelial cell proliferation) directly correlated with elastinolytic activity: macrophages cultured alone produced24% inhibition of endothelial cell growth, whereas macrophages cultured with 3LL cells produced 43%-46% inhibition of endothelial cell growth. The angiostatin activity in supernatants of 3LL cells cultured alone was less than Figure 4B ), the 38-kDa fragment was found in the superage area of the proteinase transcripts to that of the GAPDH transcript.
natant of the macrophage-3LL cocultures incubated in Figure 3 . Macrophages Expressed MME and Generated Angiostatin in 3LL-met Subcutaneous Tumor Cells
Cells from subcutaneous 3LL-met tumors were recultured and passaged successively in vitro. Pn, passage number. (A) Macrophage (Mø) content, (B) MME mRNA expression, (C) MME activity, and (D) angiostatin activity from each passage of the samples were analyzed as described in Experimental Procedures. Plg, plasminogen. (E) The elastinolytic activity was demonstrated to be MME through the use of several specific inhibitors. PMSF, phenylmethylsulfonyl fluoride. *p Ͻ 0.05.
medium plus plasminogen and, to a lesser extent, in the plasminogen. Elastinolytic and angiostatin activities were then determined ( Figure 6A ). To demonstrate that supernatants of macrophages incubated alone in medium containing plasminogen but not in culture superna-MME activity was essential for the production of angiostatin, we incubated medium from macrophage cultures tants from 3LL-met cells incubated in medium plus plasminogen ( Figure 5A ). Moreover, the angiostatin activity pretreated with supernatants of 3LL-met cells with human plasminogen in the absence or presence of the was neutralized by the antibody against LBS-1 in a dosedependent manner ( Figure 5B ). Subsequent to separa-MME inhibitor ethylene diamine tetraacetic acid (EDTA) (Kumar et al., 1996) . Subsequent to dialysis, we found tion by fast protein liquid chromatography (FPLC) (with a Superdex-200 column), the angiostatin activity apthat EDTA completely blocked the generation of angiostatin activity. However, EDTA added to the macrophage peared in the fractions with an apparent mass of approximately 40 kDa and reacted with the antibody to LBS-1 supernatants after incubation with human plasminogen did not prevent or inhibit the generation of angiostatin in a Western blot analysis ( Figure 5C ).
To ascertain that the increased generation of angioactivity ( Figure 6B , far right bar). The generation of angiostatin activity was dependent on the concentration of statin in the 3LL macrophage cocultures was due to macrophage-derived MME, we next incubated macroplasminogen, reaching a peak at 100 g/ml ( Figure 6C ). Similarly, the inhibition of endothelial cell proliferation phages in medium (control) or medium conditioned by 3LL-met cells in the presence or absence of human by angiostatin was dose dependent ( Figure 6D ). can up-regulate MME expression in murine macro-3LL-met plus plasminogen (lane 5) were separated by 10% SDS phages (Kumar et al., 1996) . Therefore we next deterpolyacrylamide gel electrophoresis, blotted, and probed using a mined whether 3LL cells produced and released GMmonoclonal antibody against plasminogen LBS-1.
CSF and whether it in turn increased elastinolytic activity cutaneous tumors (data not shown). Culture supernatants of 3LL-met and 3LL-nm variants contained 28 and 40 pg of GM-CSF, respectively, per 10 6 cells/72 hr. Furactivity ( Figure 6F ). Neither the anti-GM-CSF antibody nor the nonspecific IgG affected the generation of MME ther evidence of the role of GM-CSF (released by 3LL cells) in the regulation of MME and production of angioor angiostatin activity in macrophages incubated in medium alone. statin activity came from neutralization experiments (Figures 6E and 6F) . Murine macrophages were incubated with medium (control) or medium conditioned by Expression of MMP-9 Is Not Required for Production of Angiostatin 3LL-nm or 3LL-met cells in the absence of presence of antibodies against mouse GM-CSF or control-nonspe-MMP-9 is constitutively released from murine macrophages, and its secretion can be increased by a variety cific immunoglobulin G (IgG). Antibodies against GM-CSF but not those against IgG significantly decreased of stimuli (Xie et al., 1994) . Since MMP-9 has some elastinolytic activity (Senior et al., 1991) , we wished to deterthe production of elastase ( Figure 6E ) and angiostatin Figure 6 . Increased Macrophage MME Secretion and Angiostatin Production by Medium of 3LL Cells (A) Purified mouse PEM were incubated for 24 hr in MEM containing 5% FBS or conditioned media of 3LL-nm or 3LL-met. The cells were rinsed and cultured for 72 hr in serum-free DMEM/F12 in the absence (left) or presence (right) of human plasminogen. MME (left) and angiostatin (right) activities in the supernatants were then determined. (B) Macrophages (Mø) were incubated for 3 days in serum-free supernatants of 3LL-met cells. The macrophage-conditioned medium (Mø CM) was then incubated for another 3 days with 100 g/ml plasminogen (Plg) in the absence or presence of 5 mM EDTA. EDTA added to the medium after the incubation (far right bar) served as a control. The mixtures were dialyzed, and angiostatin activity was determined.
(C) Production of angiostatin is dose dependent on the concentration of human plasminogen. (D) Suppression of endothelial cell growth is dependent on the concentration of angiostatin (dilution of macrophage-conditioned medium plus human plasminogen). (E and F) Stimulation of MME secretion and angiostatin production by 3LL cell-conditioned medium was blocked by GM-CSF antibody. The conditioned medium of 3LL cells were incubated with 20 g/ml GM-CSF antibody or the same concentration of rat IgG for 45 min at 37ЊC and then used to treat macrophages as described for (A). MME (E) and angiostatin (F) activities in the supernatants were then determined. *p Ͻ 0.05. mine whether it contributed to the generation of angioDiscussion statin in the 3LL carcinoma-macrophage system. We therefore cultured macrophages in medium alone (conOur data confirm earlier reports that the resection of a trol) or medium containing 1 g/ml lipopolysaccharide subcutaneous (primary) metastatic 3LL carcinoma line, (LPS) or 1000 U/ml GM-CSF in the absence (for enzyme 3LL-met, is associated with accelerated growth of sponassays) or presence (for production of angiostatin) of taneous lung metastases (Gorelik, 1983a (Gorelik, , 1983b . In ad-200 g/ml plasminogen. As shown in Table 2 , while dition, we show that intact subcutaneous 3LL-nm tumor LPS increased the secretion of MMP-9, it decreased the (but not a resected lesion) suppressed the growth of release of MME. Incubation of macrophages with GMexperimental lung metastases produced by the intrave-CSF enhanced the secretion of MME without affecting nous injection of 3LL-met cells. O'Reilly et al. (1994) the levels of MMP-9. Since generation of angiostatin recently showed that this is due to a decrease in circulatwas suppressed by LPS and augmented by GM-CSF, ing angiostatin. Our results demonstrate that the generawe conclude that MME, and not MMP-9, was responsition of angiostatin by the subcutaneous tumors requires ble for the generation of angiostatin by macrophages the presence of macrophages and is directly correlated (Table 2) .
with their metalloelastinolytic activity. The addition of plasminogen to 3LL cells cultured in vitro did not result in generation of angiostatin, whereas the addition of our data lead us to conclude that MME released from a MME activity (counts per minute ϫ 10 3 per reaction).
tumor-infiltrating macrophages is responsible for the b Zymography (densitometry units).
angiostatin production by 3LL tumors, they do not exc Angiostatin activity (percentage inhibition of BCE growth).
clude the existence of other enzymatic activity, such as that of serine proteases (Gately et al., 1996) , that can cytokines such as interleukin-1 or interleukin-6 (Takeda et al., 1991a) , and lung metastases from some murine also produce angiostatin.
The degradation of plasminogen to angiostatin is metumor cells can produce GM-CSF (Takeda et al., 1991b; Young et al., 1992) . diated by elastase (O'Reilly et al., 1994) . Since MMP-2 and MMP-9 also have elastinolytic activity (Senior et al., We recently identified GM-CSF as the cytokine that can up-regulate MME expression in murine macro-1991; Katsuda et al., 1994; Shipley et al., 1996b) , we determined whether the expression of these proteases phages (Kumar et al., 1996) . The present data suggest that GM-CSF produced by 3LL-nm and 3LL-met tumors by 3LL cells could have contributed to the generation in vivo of angiostatin. From the following data, we conenhances the expression by macrophages of MME, which is responsible for the generation of angiostatin clude that they did not. First, the metastatic 3LL-met cells expressed higher levels of MMP-2 than did the and hence growth suppression of lung metastases. This conclusion is based on the following data. First, 3LL low-metastatic 3LL-nm cells, yet neither generated angiostatin activity. Second, the 3LL-nm tumors in vivo cells (in tumors and in culture) constitutively expressed GM-CSF. Second, GM-CSF stimulated MME secretion (consisting of tumor cells and infiltrating macrophages) expressed low levels of MMP-2 yet were able to generand the production of angiostatin activity by macrophages. Third, the stimulatory effects of the 3LL-condiate angiostatin activity. Third, incubation of macrophages with LPS stimulated the release of MMP-9 and tioned medium on macrophage secretion of MME and production of angiostatin was significantly inhibited by suppressed the release of MME. The production of angiostatin was significantly reduced by LPS-treated antibody against GM-CSF. Therefore, while GM-CSF may play a role in the establishment of metastasis macrophages. Finally, generation of angiostatin by macrophages was augmented by GM-CSF, which increased (Takeda et al., 1991b; Young et al., 1992) , it can also suppress the development of a blood supply to these the expression of MME and did not affect MMP-9. The reason for the difference between MME and MMP-2 or lesions. It is likely that GM-CSF has different targets for mediating these two seemingly opposing processes. MMP-9 in the generation of angiostatin is not clear. It may be due to a differential affinity of these MMPs for Formation of experimental lung metastasis has been shown to be increased simply by pretreatment of tumor plasminogen. Alternatively, the levels of MMP-2 and MMP-9 in our system may not have been high enough cells with GM-CSF (Young et al., 1992) . The production of angiostatin, however, requires the participation of to produce the amount of angiostatin that can be detected in the bioassay.
macrophages and the presence of plasminogen. The interaction of macrophages with tumor cells proThe growth and metastasis of tumor cells are dependent on the cells' interaction with host homeostatic foundly affects their growth and metastasis. Whereas activated tumoricidal macrophages can selectively lyse mechanisms that include factors released by specific organ microenvironments (Fidler, 1990 (Fidler, , 1995 . Indeed, tumor cells (Fidler, 1985 (Fidler, , 1994 Fidler and Schroit, 1988) , nonactivated macrophages actually enhance tumor the phenotype of tumor-infiltrating macrophages has been shown to differ among tumors growing in different growth by producing growth factors (Nathan, 1987) , angiogenic factors (Polverini, 1989) , and proteases (Xie et organs (Normann, 1985) . Although most tumors are infiltrated by macrophages (Talmadge et al., 1981; Whital., 1994) . These findings may explain in part why the systemic administration of relatively specific macroworth et al., 1990; Bucana et al., 1992; Mantovani et al., 1992) , accelerated growth of metastases subsequent to phage toxins, such as silica, carrageenan, and trypan blue, reduces the size of local (primary) murine tumors resection of a primary tumor has been observed in only some systems (Gorelik, 1983a (Gorelik, , 1983b O'Reilly et al., but enhances the growth of metastases (Jones and Castro, 1977; Mantovani et al., 1980; Keller, 1982; Mantovani 1994) .
To produce clinically relevant metastasis, tumor cells et al. , 1992) . must complete a long series of interlinked selective
In conclusion, we show that the production of angiosteps (Poste and Fidler, 1980) . Since failure to complete statin by 3LL tumors growing subcutaneously is associeven one of the steps aborts the process, the failure to ated with the up-regulation of MME in the infiltrating produce metastasis may be due to different deficiencies macrophages. The involvement of macrophages in the (Aukerman et al., 1986) . We found that both 3LL-nm and control of angiogenesis suggests their role in other pro-3LL-met cells could stimulate the generation of angiocesses, such as wound healing and organ repair from statin by macrophages. Nevertheless, the resection of injury (Whitworth et al., 1990) . Since MME expression 3LL-nm tumors did not lead to an increase in the number in macrophages is enhanced by GM-CSF, the role of or size of lung metastases. The failure of 3LL-nm cells this cytokine in the generation of angiostatin and hence to metastasize was due not to any angiostatin effect, control of metastasis is under current investigation. but rather to some other deficiency, such as in MMP-2, that led to failure to invade. In that case, the issue of To demonstrate that MME was responsible for the generation of angiostatin activity, we incubated medium conditioned by macroof Health. The mice were used when they were 8-12 weeks old.
phages (after their treatment with supernatants of 3LL cells) with human plasminogen in the absence or presence of 5 mM EDTA.
Cell Culture
Subsequent to dialysis (to remove the EDTA), angiostatin activity The nonmetastatic variant 3LL-nm was isolated from a 3LL tumor (assessed as antiproliferation of endothelial cells) was determined. originally obtained from the National Cancer Institute Tumor Bank (National Cancer Institute-Frederick Cancer Research Facility, Frederick, MD) (Talmadge and Fidler, 1982) . The metastatic variant 3LL-Elastase Assay met was obtained from Dr. M. O'Reilly (Harvard Medical School, Elastase activity in the conditioned medium was determined by a Boston, MA) (O'Reilly et al., 1994) . Both tumor cell lines were mainmethod described previously using [ 3 H]NaBH4-reduced elastin as a tained in tissue culture in Eagle's minimal essential medium (MEM) substrate (Werb et al., 1986) . The samples were mixed in reaction supplemented with 10% fetal bovine serum (FBS), sodium pyruvate, buffer (100 mM Tris/HCl, 5 mM CaCl 2, 0.2 mg/ml sodium dodecyl nonessential amino acids, L-glutamine, and a 2-fold vitamin solution.
sulfate (SDS), and 0.006% NaH 3) and incubated at a concentration Adherent cultures were maintained on plastic and were incubated of 600 g/ml at 37ЊC for 16 hr. Free-form 3 H release was monitored, in 5% CO 2-95% air at 37ЊC. The cultures were free of mycoplasma and the enzyme activity was expressed as counts per minute per and pathogenic mouse viruses. Prior to the studies, both cell lines reaction. were injected subcutaneously into syngeneic C57BL/6 mice. Cultures were established as described below.
Immunohistochemistry Bovine capillary endothelial cells (BCE) obtained from Dr. O'Reilly Macrophages in 3LL tumors or in cultures established from these (Harvard Medical School) were cultured on gelatinized surfaces in tumors were identified by immunohistochemistry using the macroDulbecco's minimal essential medium (DMEM)-10% calf serum supphage-specific F4/80 antibody (Austyn and Gordon, 1981) . Sections plemented with 3 ng/ml human basic fibroblast growth factor (Gen-(8-10 m) of frozen tumor tissue or cultured cells fixed with 0.125% zyme, Cambridge, MA) in 10% C0 2 (O'Reilly et al., 1994) .
glutaraldehyde in phosphate-buffered saline (PBS) were treated with a rat monoclonal F4/80 antibody followed by gold-labeled secondAnimal Studies ary antibody as described in detail previously (Bucana et al., 1992) . Subcutaneous tumors (8-12 mm in diameter) were resected aseptically. All necrotic zones were removed, and the viable tissue was Angiostatin Assay minced and dissociated with collagenase (type I, 200 U/ml) and Angiostatin activity, assessed as inhibition of BCE proliferation, was DNase (270 U/ml) (Sigma, St. Louis, MO) as described previously determined as described previously (O'Reilly et al., 1994) . In brief, (Dong et al., 1994) . Cells were suspended in MEM containing 10% BCE were seeded onto gelatinized 24-well plates at 1.25 ϫ 10 4 /well/ FBS and plated at 5-10 ϫ 10 6 viable cells/T150 flask. After a 3 hr 0.5 ml DMEM-10% calf serum, allowed to adhere overnight, rinsed, adherence, the cultures were rinsed and given fresh medium. Fortyand incubated with 0.25 ml/well DMEM-5% calf serum or test sameight hours later, the adherent tumor cells were harvested by brief ples for 20 min. Additional medium containing basic fibroblast trypsinization, washed in MEM-10% FBS, and resuspended in growth factor was then added to a final concentration of 1 ng/ml Hanks' balanced salt solution (HBSS). Aliquots of 10 6 cells in 0.1 ml of at 0.5 ml/well. Seventy-two hours later, the cells were harvested by HBSS were injected into the dorsal subcutis in the proximal midline.
trypsinization and counted. Angiostatin activity was expressed as When tumors were 12-15 mm in diameter, the mice were anesthethe percentage inhibition of BCE growth in culture. tized with methoxyflurane. The tumors in one group of mice were surgically excised and the area closed with metal wound clips. The Gelatin Zymography other group underwent a sham surgical procedure, which left the Aliquots of conditioned medium were subjected to electrophoresis subcutaneous tumors intact. The mice were monitored daily and in a 7.5% polyacrylamide slab gel impregnated with 2 mg/ml gelatin killed 10-14 days after surgery. The lungs were weighed and fixed (Sigma). The gel was washed for 30 min at room temperature in in Bouin's solution. The tumor nodules were counted under a diswashing buffer (50 mM Tris-HCl (pH 7.5), 5 mM CaCl 2, 1 M ZnCl2, secting microscope.
2.5% Triton X-100), incubated for 24 hr at 37ЊC with the washing In another set of experiments, mice with 3LL-nm subcutaneous buffer containing 1% Triton X-100, and stained with Coomassie tumors 10-12 mm in diameter underwent resection of the lesion or blue R250. The gelatinolytic activity was quantified by densitometric sham surgery. One day later, the two groups (n ϭ 10) received 1 ϫ scanning (Molecular Dynamics, Sunnyvale, CA) (Xie et al., 1994) . 10 5 3LL-met cells intravenously. Three weeks later, the mice were killed and metastases were evaluated as described above.
RNA Isolation and Northern Blot Analyses
The mRNA was extracted from tumor tissue or cell cultures using Collection and Cultivation of Mouse Peritoneal Macrophages the Fast-Track kit (Invitrogen, San Diego, CA). One microgram of Mouse peritoneal macrophages (PEM) were collected by peritoneal mRNA was fractionated in 1% denaturing formaldehyde/agarose lavage with HBSS from mice given an intraperitoneal injection of gels, electrotransferred to GeneScreen nylon membrane (DuPont, 1.5 ml of thioglycollate broth 4 days previously. The PEM were plated Boston, MA), and ultraviolet-cross-linked with 120,000 J/cm 2 usonto 24-well dishes at a density of 2 ϫ 10 5 cells/well. After 2 hr, the ing a UV Stratalinker 1800 (Stratagene, La Jolla, CA). Hybridization adherent cultures were washed. The resultant PEM population was was performed as previously described (Dong et al., 1995) . The more than 98% pure according to morphologic and phagocytic filters were washed at 50ЊC-60ЊC with 30 mM NaCl/3 mM sodium criteria (Dong et al., 1993) . citrate (pH 7.2)/0.1% SDS. The probes used were cDNA fragments corresponding to rat glyceraldehyde-3-phosphate dehydrogenase Sample Preparations (GAPDH) (Dong et al., 1994) , MMP-2 (American Type Culture CollecTumor Cell Conditioned Medium tion, Rockville, MD), MMP-9 (Levy et al., 1991) , and MME (Shapiro Adherent cultures of tumor cells were given MEM-5% FBS and et al., 1992) . mRNA expression was quantified on an LKB Ultrascan grown for 96 hr. Cell-free supernatant was prepared, aliquoted, and XL laser densitometer (Pharmacia LKB Biotechnology, Uppsala, stored at Ϫ80ЊC until use.
Sweden). Each sample measurement was calculated as the ratio of Elastase and Angiostatin the average area of the proteinase transcripts to that of the GAPDH PEM were incubated for 24 hr with tumor cells (2 ϫ 10 5 cells/well) or transcript. with tumor cell-conditioned medium in MEM-5% FBS. The cultures were washed, and the cells were incubated in 0.5 ml serum-free DMEM-F12 medium (for the elastase assay) or medium containing RT-PCR Analysis for GM-CSF Gene Expression RNA from tumor tissues or cell cultures was reverse transcribed 100-200 g/ml plasminogen for 72 hr (for the angiostatin activity assay). The medium was collected and centrifuged at 3000 ϫ g at using an avian myoblastosis virus reverse transcriptase system (Promega, Madison, WI). The resulting cDNA from 20 ng mRNA was 4ЊC for 30 min. The supernatants were used in the assays as described below.
amplified Fisher, B., Gunduz, N., Coyle, J., Ruddock, C., and Saffer, E. (1989) .
